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An Account of the Transit of Venus over the Sun'j Disc, as 
obferved at Norriton, in the County of Philadelphia, and 
Pr<?w«« 0/ Pennfylvania, June 3d, 1769. 

By William Smith, D. D. Provoft of the College 0/ Philadel- 
phia, John Lukens, Efq; Surveyor-General of Pennlylva- 
nia, David Rittenhouse, A. M. of Norriton, and joHn 
Sellers, Efq; Reprefentative in JJfembly, for Chefter 
County — - 

Being the Committee appointed for that Ohfervation, by the 
American Philosophical Society, heldat Philadelphia, 
for promoting ufeful Knowledge. 

Communicated to /i?^ Society, }m\j 20th, lySi^, by BireElion, 
and in Behalf of, the Committee ; by Br. Smith. 

Gentlemen, 

AMONG the various public fpirited defigns, that liave 
engaged the attention of this Society, fince its firft Initi- 
tution ; none does them more honor than their early refokuion 
to appoint Committees, of their own Members, to take as 
many obfervations, in different places, of that rare Pha'ncme- 
non, the Transit of Venus over the SunV Disc, as they 
had any probability of being able to defray the txpence or^ 
either from their own funds, or, the public afi'ulance they- 
expedlcd. 

As the members of the Norriton-Committee live at fome 
diftance from each other, I am, therefore, at their requeft, 
now to digeft and lay before you, in one vicw, the whole of 
our obfervations in that place ; diuingulfiiing, however, the 
part of each obferver ; and going back to the firft prepara- 
tions. For I am periliaded that the dependence, wliich the 
leanied v/orld may place on any particular Tranfu-Accounr^ 
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will be in proportion to the previous and fubfequent care, 
which is found to have been taken in a feries of accurate and 
well conduced obfervations, for afcertaining the going of the 
time- pieces, and fixing the Latitude and Longitude of the 
places of obfcrvatlon, Qc. 

And I am the moredelirous to be particular in thefe points,. 
in order to do juftice to Mr. Rittmhcufe, one of our Commit- 
tee j to whole extraordinary fkill and diligence is owing what- 
ever advantage may be derived, in thefe relpedts, to ourobfer- 
vation of the 'Tranfit itfclf. It is further prefumed, that 
Aftionomers, in dillant countries, will be defirous to have 
not only the work and refults belonging to each particular 
Tranfit -Obfervaticn, but the materials alio, that they may 
examine and conclude for themfelves. And this may be more 
particularly requifite, in a New Oblervatory, fuch as Ncrriton., 
the name of which hath perhaps never before been heard of by 
diftant Aftronomers-, and therefore, its latitude and longitude 
are to be once fixed, from principles that may be fatisfaiStory 
on the prefent, as well as on any future, occafion. 

Our great difcouragement, at our firll appointment, v/as 
the want nf proper apparatus, efpeciaily good 'Telefccpes^ with 
Micrometers. I'he generofiry of our Provincial JJfeml>Iy (oon 
removed a great part of this difcouragement, not only by their 
vote to purchafc one of the belt Reae(5ting Telefcopes, with a 
Dolknd's Micrometer ; but likewife by their fubfeqiient dona- 
tion of One Hundred Pounds, for erecting Obfervatories, and 
defraying other incidental expences. It v.-as forefeen that on 
the arrival of this Telefcope, added to fuch private ones as 
might be procured in the city, together with fitting up the. 
inftruments belonging to: the Honorable the Proprietaries of 
the Province, viz. the equal Ahitude and Tranjit Injlrunient^ 
and the large aftronomical S(ftor. nothing would be wanting 
for the Ciiy-Obfervatory in the -State-Houfe Square, but a good 
Time-Plecej which v;as eafily to be procured. 

We remained however ftill at a lofs, hov/ to furnifh the Nor- 
itton Obfervatory. But even this difficulty gradually vanilhed. 

Early 



[ lo ] 

Early in September^ 1768, foon after the nomination of our 
Co/nmittees, I received a letter from that worthy and honorable 
Gentleman, Thomas Penn, Efq-, one of the Proprietaries of 
this Province, which he wrote at the defire of the Rev. IMfr. 
MafKclyne, Aftronomer Royal, exprcffing chclr defire, " That 
" v/e would exert ourfelves in obferving the Tranfit, for 
" which our fituaiion would be fo favourable" ; and enclo- 
fing fome copies of Mr. Majlylpic" ^ printed diredions for that 
purpofc. 

This gave me an opportunity, which I immediately em- 
braced, of acquainting Mr. Penn what preparations we had 
already made ; and what encouragement the Affemblv had 
given in voting Oihe Hundred Pounds Sterling, for the purchafe 
of One Rcfleding Telelcope and Micrometer, for the City 
Obfcrvatory •, but that we fhould be at a great lofs for a tel- 
efcope of the likeconftruftion for xhtNcrriton-Obfervatcry, and 
requefting himtoordera/?^/?£?iS5r of two, or two and an half fe.-r, 
with Dollofid's Micrometer, to be got ready as foon as pofTible 
in London. It was not long before I had the pleafure to hear 
that Mr. Penn had ordered fuch a Telefcope, v/hich came to 
hand about the middle of May., with a mofl obliging letter, 
exprefling the fatisfaftion he had in hearing of the fpirit fhewn 
at Philanelfhia, fo,r obferving this curious Phoenomenon when 
it fliould happen ; and concluding as follows— 

" Ihave fenr,by Capt. .S^itr^j-, a Refleding-Telefcope with 
" DoUond'% Micrometer, cxaft to your requeft, which I hope 
*' will come fafe to hand. After making your obfervation 
" with it, I defire you will prefent it, in my name, to the Col- 
" lege---MelTrs. Mafon and Dixcn tell me, they never ufed a 
" better than that* which I formerly lent to the Library Com- 

* Mr. Owen Biddle, who was appointed by the Society to condui5l the ob- 
fervation \\i3T Cape Henlopen, had this telefcope ; notliing being defirert there but 
the contails and their exaft time ; which he obtained to great Tatisfaiftion, as by 
his report may appear. As he h;id but fnort time to prepare, and there was n 
difficulty in getting the iicceff.iry apparatus (or fixing, l)y his own obfervations, 
ths longitude and latitude of the place chofen for his ftation, it was rel dved to 
depend on the afcertaining thefe articles, by running a line from tlie place of his 
obfervation to a known point in the woik of Meffis. Mafon and Dixon, when em- 
ployed in fettling theboundaiy Wnes of Fenn/jl-vania and Maryland i and in mea- 
i'uring a degree of latitude, along that fine level peniiifuia, between Delaiuare 
and Cheafofeake Bays, 

" pany 
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" pany of Philadelphia^ with which a good obfervation may 
" be made, the' it has no micrometer." 

We were now enabled to furnifh the Norriton Obfervatory, 
as follows, viz, 

1. A Grsgorian Reflector about 2 f. focal length, with 
a DoUond's Micrometer. This Telefcope hath four different 
magnifying powers, viz. ^^i ^g, 130, and 200 times-, by 
means of two Tubes containing eye-glaffes that magnify dif- 
ferently, and two fmall Speculums of different focal diftances. 

Made by Nairne. Ufed by Dr. Smith. 

2. A Refractor of 42 f. its magnifying power about 140. 
Theglaffes were fent hom London with the large Refledtor, and 
belonged to Harvard College, New-England •, but as they did 
not arrive time enough to be fent to that place before the 
Tranfit, they were fitted up here, by Mr. Rittenhoufe; and 

Ufed by Mr. Lukens. 

3. Mr. Rittenhoufeh Refractor, with an objeft glafs of 
36 f. focus, and a convex eye-glais of 3 inches, magnifying 
about 144 times. Ufed by Himself. 

Both thefe Refradlors, as well as the Refledtor, were in mofl 
exquifue order. 

4. An Equal- Altitude Inurnment ; its telefcope three and an half 
f. focal length, with two horizontal hairs, and a vertical one, in 
its focus, firmly fupportedon a ftonepedeilal, andeafily adjufted 
to,a plummet v/ire 4 feet in length, by 2 icre\vs;one moving it 
in aNorthand South, the other in an Eaft and Weft, direction. 

5. A Transit-Telescope, fixed in the Meridian on an 
axis with fine Iteel points ; fa that the hair in its focus can 
move in no other direftion than along the meridian ; in which 
are two marks South and North, about 330 yards diftance 
each ; to Vv-hich it can be readily adjufted in a horizontal po- 
fition by one fcrew, as it can in a vertical pofition by another 
fcrew» 6.. Ah 
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6. An excellent Time-Piece, having for its pendulum- 
rod a flatfteel-bar, with a bob weighing about 12 lb. and vi- 
brating in a Imall arch. It goes 8 days, does not ftop when 
wound up, beats dead feconds, and is kept in motion by a 
weight of 5 pounds. 

These three laft articles were alfo Mr. Rittenboufe*s proper- 
ty, and made by himfelf. 

7. An Astronomical Quadrant, two and an half f. radius, 
made by Sijfon, the property of the FmJI Jerfey Proprietors ; 
under the care of the Right Hon. IVilliam Eari of 6" irling^ Sur- 
veyor-General of that Province V trom whom Mr. I ukem pro- 
cured the ufe of it, and fent it up to Mr. Rittenh'uje for aicer- 
tainingthe latitude of the Obfervatory. Thus we were at length 
compleatly furnilhed with every inltruracnt proper for cur 
work. 

As Mr, Rittenh':u''e\ dwelling at Norriton is about 20 miles 
North-Weft of Phihidelphia, oor other engagements diti not 
permit Mr. Lukens or myfelF, to pay much attention to the 
neceffary preparations •, but weknesv that we had entrufted them 
to a gentleman on the fpot, who had joined to a compleat fkill 
in Mechanics, fo extcnfive an ajironomical and mathematical 
knowlege, that the ufe, management, and even the conilrudion, 
of the necefiary apparatus, were perfectly familiar to him. 
Mr. Lukens and myfelf could not fet out for his houfe till 
Thurfday, Jinie ift; but, on our arrival there, we found every 
preparation fo forward, tha: we had little to do, but to exa- 
mine, and adiuft our refpedive telefcopes to difl.in£t vifion. 
He had fitted up the different inftruments, and made a great 
number of obfervations, to afcertain the going of his Time- 
Piece, and to determine the latitude and longitude of his 
Obfervatory, The laudable pains he hath taken in thefe .mate- 
rial articles, will beft appear from the work itfelf, which he 
hath committed into my hands, with the following m.odeft in- 
troduftion ; giving me a liberty, which his own accuracy, care 
and abilities, leave no room to cxercife. 

Nor- 
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Norrlton, July iS, 1769 



" /"H E indofed is the heji account I can give of the Cox 

*'■ ■*■ TACTS, as I obferved them -, and of what I faw during 

*' the interval between them, I Jhould be glad you would contract 

" them, and alfo the other papers, into a [mailer compafs, as I 

" would have done myfelf, if I had known hozv. I beg you would 

" not copy any thing merely becaufe I have written it, but leave ctti 

*' tibhat you ihink fuperflmus, 

I am. 

With great efieem and affeHion, 

Tours, &c. 

DAVID RirTENHOUSE." 
To Revd, Dr. Smith. 



Mr. Ri-^tenhouseV Obfervations at Norriton, before and 
after the Transit of Venus, June 3d, 1769 ; for fixing 
the Latitude and Longitude of his Obfervatory, and the 
going of his Clock, &c. 

" Tn> ARLY in November, 1768, I began to eredl an 
*' Xl/ Obfervatory, agreeable to the refolutions of the Ame- 
" RiCAN Philosophical Society ; but, thro' various difap- 
*' pointmenti from workmen and weather, could not com- 
" pleat it, till the middle of April, 1769. I had for feme 
*♦ time expeded the ufe of an Equal Altitude inftrument 
" from Philadelphia ; but finding I could not depend on 
" having it, I tell to work, and made one of as * fimplc a 
" confl:ru(5tion as 1 could. March 20th this inftrument was 
*' finiflied, and put up out of doors, the Obfervatory not 
" being yet ready. 

• /( is eUfcribtd aiow. No. 4, of the Appmatui^ 

C « I 
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" 1 HAD, however, for fome weeks before this, with my 
^6 f. Refractor, obferved eclipfes of Jupiter's fatellites, in 
fuch a manner that, tho' my equal-aliitude inftrument was 
not finilhed, and confequently I could not fet my time- 
piece to the true noon, I fhould neverthelefs be able to tell 
the time of thofe eclipfes afterwards, when the inftrument 
ftiould be ready For this purpofe, I obferved, almoft eve- 
ry fair evening, the time by the clock, when the bright itar 
in Orion difappcared behind a fixed obftacle, by applying 
my eye to a fmall fight-hole, made thro' a piece ot brafs, 
failened to a ftrong poft. 



The Obfervattons were as follows, viz. 
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" From this time, to May 20th, the clock w.as altered 
" feveral times ; once taken down and cleaned, removed back 
" to the Obfervatory, and regulated anew. Care was, how- 
" ever, taken to obferve equal- altitudes of the Sun, on the 
" days preceeding and following any vifiblc eclipfe of the ift 
" fatellite j when the weather would permit. 

" The whole obfervations, during tlfis period, were the 
' following. 

Equal 
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" May 20th, in the morning, the dock was fet up for -the laft 
time, pretty near the mean time. It had no provifion for pre- 
venting the irregularities arifing from heat and cold ; nor could 
I find leifure to apply any contrivance of this fort. 
" This day 1 likewife put wires inftead of hairs in the telefcope 
of the equal altitude inftrument ; and the following are the ob- 
fervations, taken both with it, and with the meridian or Tranfit- 
Telefcope, in the order wherein they were made. 
" The ill ftate of my health would not permit me to fit up at 
nights, to take equal altitudes of the ftars. I was therefore 
obliged to content myfelf with thofe of the Sun only. 



1769. 



May ZOth. 



Equal Altitudes of© 

A M. P. M. 

Ii. m, fee. h, m. Uc 

.1. 30* ^.51. 28 

.2. 5J 3.50. S- 

84. 15 3-4S-4S 

S- 36 ?-47- 24 



Hence ap- 

par. noon ; 

or ©'scent. 

on Merid. 

per clock. 

i). m. fee, 
II. 56. Z3-I 



Obferv'd E- 
merfions of 

•U's Satel- 
lites. 



Obfetvations with the Hence ap. 



Meridian Telefcope. 

h. m. fee. 

©W.limb?,, , 

on Merid. r' -5 5-'^ 

EaftDo. 11.57. 31 



par. noon j 
or ©'scent, 
on Merid. 
per clock. 
Ii. m. fee. 
II- $(■>. 23! 



May 2\J1. 



I. 1 3.52. II 

^ 3-SO- 5° 
Clouds. v, 3.49 27 

5 3-48- 7 



ir 



56. 30 



I Em. 1 ft Sat 

h. m. frc. 
III. 51. 46. 



©W.limb.i 1,5;. 23 

E. Do. 1 1.57. 37 

? centre > 

onM?rid. S 



1.18.39 



II. 56. 30 



May 2^d. 



■ °- 4 3-53' 36 

8. 1.24 3.52.16 

2-47 3.50.53 

4 8 - - - 



ir. 



56. 45 



V/.limb 1 1.55. 39 
E Do. 11.57. 53 



56. 46 



May ?.i)h. 



jOE. limb, 11. 58. o 
— paff. ©femidi. 1. 8 
2 centre /> 
ditco, < •• ^- 4 



1 1. 50, 52 



May 2<;ih. 



7-59 '5 3-54- 57 
35 3-53- 38 
i;8 3.52. 15 



8. 1. 



3-' 8 3-so. ^4 



II. 57. 



;0V/.limb 11.55. S3 
j E. Do, 1 1.58. 9 



!1 .57, 



* In ths above Equal Altitudes, it may be proper to obferve that thofe ia the after- 
noon are let down m an inverted ortlei-, the 4th P. -M. being oppojite and correJpoii- 
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inverts. jVf„^. jg^^, 
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©W.Iimb? ^ I 
on Mend.5"-5Mo!,,_ 



E. Do. 12. 



59.48! 



57 



June I oth. 



7.56.22 4. 4. I 

.'7.57. 48 4. 2. 41 

17.59. 12 4. i. 17 

8^0.32 3.59. 7 



^a«« IZti. 



I0W. limb 11.59,29 
I £. Do 12. 1.^5 



o- 37 



June \yh. 



7 59 '3 4- 2- 30 
,8. 0.33 4. 1. 11 



12. 



lim. lit Sat 
■ 5-59 



QW.limb 11.59.42 
E, Do. 12. I 59 



12. o. 



50 i 



June 1 ^ih 



0W. limb 1 1. eg C7 
E. Do. " - -- '2- 



12. 2.1^ 



"June \6th. 



■7 56.52 4. 6. 16 

I7.58.12 4 4, ^j 

\7 59-36 4. 3. 33 

):i o_56 4. 2. 12 



3 + 



©W. limb 12. o. z6 

E. Do. I 
i; cent. ') 



Merid. 



2 2. 42 
9 6. 4 



12. 1, 34 



Jur.c i-jth. 



I '9 ] 
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Equal Altitudes of0 Hence ap- 



J. M. P. M. 



par. noon ; 

orQ'scent. 
on Merid. 
per clock. 



Obferved'El 
merfions of 
l^'s Satel- 
lites. 



Obfervations with the Hence ap- 
Meridian Teiefcope. par. noon ; 
orQ'scent, 
on Merid. | 

fee. per clock. | 
h> m, fee. I 
12 1 44 8 



h. m 
QW.limbi2. o. 36 
+paff. femid. 1. 8,8 



% centre 
on Merid. 



^. 



SO 



Ther- 1 

I wo- f 77 

'meter ) 



yune l^th. 



©W.limb 12.0. 56 I J,; 

+pa(rfemidi.,. 8,8^^^^ ^.^^ 
7^c.onmer.8.53. 24 | f 



yune 2\Jl. 



©W.limb 12. 1. 17 
E. Do 12. 3. 34 



12. 2 2;1 I 
Therm. 83") 



yune 22 d. 



O W.limb 12. 1.28 12. 2 36 J 
E. Do. 12. 3. 45 Therm. 74°!' 



y»«(; 23*/. 



jO^-linib 12. I. 39 12. 2 47 
I E. Do. 12. 3. 5; Therm 73°2 



Taw 24/(6. 



O W.limb 12. I. 49 1 12. 2. 57 
E. Do. 12. 4 5 ! Therm 84°. 



yune zph. 



jd fat. ont of 
tiie fliadow, 
on applying 
the eye at 
8. 54. 39 



0W. Iimbi2. 1.57 12. 3. 5^ ; 
. E. Do. 12. 4. 14 Therm. 80° 



yune 26th. 



©W.limb 12. 2. 6 
E. Do. 12. 4. 23 
DE.limb? „ 
onMerid. <'^-'3-5^ 



12. 3. 14 ij 
Therm, 85"! 



y-une z-^th 



O W.limb 12 2. 14 
E Do 12 4. 31 



3) E.limb / 
onMerid, S'9- 4- '9 

lie onmer. 8.19 58 



Therm, 88?, 



yune. zZtb^. 



E ^o J 
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EqualAltitucIes of0 

^i. M. P. M. 
h. m, fee, h. m. lec. 
7.59. II 4. 7.45 
8. o. 31 4. 6.2J 
8. i.'?5 4 5. o 

3 3-i'5 - - - 



2ith, 



Hence ap- 
par. noon J 
or0'scent 
on Me.id. 
per clock. 

h. m fee. 

I?. 3 29,4 



Obferved E- 
cUpfes of 
%'s Satel- 
lites. 



Obfervations with the 
Meridian Telefcope 



h. m. fee. 

OW.limb 12. 2. ai 

F, Do. iz. 4.38 



Hence ap 
par. noon ; 
or0'scent 
on Merid. 
per clock, 
h. m , fee. 

12 J. 29i 



yune 2f)th. 



- - 4- 7-43 

8. 0.48 4. 6. 22 

3. 2.11 4. 4. 59 

3. 3,32 4. 3.38 



12. 3. 37 



Em. ift Sat. 
having been 



hid by a" ©W. limb 12 



cloud, at 
h. m. fee. 
10 25. I 



E. Do. 12. 



2.29 
4'4S 
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June 30/^ 
rherra.Ss" 



July zd. 



8. c. 24 4. 7.28 

8. 1.44 4. 6. 8 

8. 3. 8 4. 4.43 

8. 4. 29 - - - 



12. 3. 59 



fmmerfion. 
3d Satellite. 
II. 19. 36 



0W. limb 12. 2. 52 
E, Do. 12, 5. 8 



12. 4. o 
Therm.Si"! 



Juk id. 



■8. 0.46 4. 7. 21 

j8. 2. 7 4. 5.58 

,8. 3.31 4. 4.37 

4.51 4. 3.16 



4. 6 



0W.limb 12. 2.58 
E. Do. J2. 5. 15 



12. 4. 6i 
iTherm.Ss". 



July i,th. 



i8. I. 9 4- 7- "3 

•8. 2.30 4. 5 52 

[8. 3 S3 4-4 3' 

8. 5 14 4. 3.10 



12. 



4. 14 



®W limb 12. 3, 6 
E. Do. 12. 5.23 



July sih. 



12. 4. 14I 
Therm. 87'' [ 



8. 5.36 4. 2.57 



12. 4- '9' 3 



0W. limb 12. 3. II 
+pafl". femidi. i. 8,5 



12. 4 19I 
Ther. ) 

at 
3PM. ) 



)94"2 



July ith. 



8. 1.36 4. 7.41 
'8. 2.56 4. 6.20 
;8. 4.- 19 4- 4-';7 



12. 4. 42.i 



0W.lJmb,2. 3 i6\ 
E. Do. 12. 5 52 j f f^ 

iTherm i%'\ 
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T AB LE of tie EcUpfes of Jupiter's \fl Satellite, obfirved at NorritoW, fnm. 
February 1 6th t3 'June 1 yh ; compared iviih the calculated Times of thefar.if 
Edipjus, for Grecnnuich, in order to fix the Longitude of the Objirvatory. The 
Immerjions ivere obferved luith Mr. Rittenhoafe'j RefraSlor, and tht Emerfiom 
nuith the Gregorian Refkdor. 



I ft. Sat. Immerjions. 
1769. Apparent Time at 
Norriton. 
D. h. m. fee. 
Feb. 16 14. 11. 10 


Calculited 
the fam 

D. 

Feb. 16 


apparent time of Longitude of NotritoK 
e axGreenxvich. VV. itovaCreenvjich; 
thence deduced. 
h. m. fee. h. m. fee. 
19. 22. 29 5. 1. 19 


23 
April 3 

10 
12 

May 5 


16. 15. I 
14. 49. 2 J 
16. 46. 
II. 14. 37 
II. 29. 27 
Emerfions. 


23 21. 16. 35 

April 3 19. 51. 24 

10 21. 47. 14 

12 16. 16. 13 

May 5 16. 31. 20 

Emerfions. 


S- 


>• 34- 
I. 59 
1. 14 
I. 36 

"• S3 


21 

Junt 6 
»3 


«"• 55- 13 
10. II. 32 
12. 5. I 


21 

June 6 
•3 


16. 56. 49 
15. I . 59 

17. 6. 31 


5- 


I. 36 
I. 27 
I. 30 



Diff. of Longitude from a Mean of the above 9 Eclipfei 5. i . 34,22 
which we mull fix for the Longitude of our Obfervatory, for the prefent. 

But ihould the obferved * times of thofe Eclipfcs, come out 
tJifFerent at Greenwich from their calculated times in the nau- 
tical almanac, for the prefent year, a correftion of the ditFer- 
cnce of longitude muft be made accordingly. OBSER- 

• Since drawing Uji the above, the Kevd. Mr. M^dkeljiie, Aitronomei Koyal, 
agrfcable to my rtqueft, hath been pleaied to communicate the following lilt 
of Eclipfes of Jupiter's ift Satiellite as obferved at the Royal Obfervatory, 
from April to June, both inclufive, viz. 
1769. Apparent Time; Imnierfions of j ft Sat. at Greenwich. 



D. 

March 19 
April 1 1 



h. 

12. 
16. 



m. lee. 



16. 



H- 35- 17 
Emerfions. 



with 1 f.Reflef>, madeby Wor/j Apert.4, sinchesdiam. 
with I f, Refieft. made by Bird; Apert. 3, S inches diam. 
y>'nhShart't a f. Refleftor. 



May 

June 

Jul) 



>« : 

8 
'5 



9- 

J 

9- 

II. 

9- 



3»- 
}'• 
40. 

35- 
50. 



15 ^ with Shorft z f. Refieaor. 

35 ^ with 6 f Newtonian Refleftorj Aperture 9 inches diam. 
56 with 6 f. Ditto. 
3 J with Si>orrs 1 f. Refleftor. 
14 with Ditto. 
Mr. Malkelyne writes that the 6 f. Refle£lor (hews an imraerfion later und an 
emerfioii fooner than Short's i f. Refleftor by about lo"; and that the difference 
of the i f. Refleftors, owing to the difference of their apertures, may be about 5". 
There are only three of the above eclipfes obferved at Greenwich, (viz. tli« j 
immerfions) that could have been feen here, and but one of them happens to be 
among thofe actually obferved, viz. 

,. ) i6h, 16'. 8" at Greenivicb. 
) II. T4- 37 at Norriton. 

Difference of Longitude. 



Jpril i»r, 
Hence 



S- '• 3« 
Till we have an opportunity, iheenfuing fpring, to obferve more eclipfes of 
Jupiter's Satellites, we would rather depend on the difference of longitude de. 

D duced 
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OBSERVATIONS yer/vfw^ the Latitude »/ Norriton-Obfervatory, tvith an 
^Jironomical-^adrant of twut and an half fttt radius ; madt by Siflbn. 

This Quadrant was fent up by Mr. Lukens, and erefted in the meridian of 
the Obfervatory, May 20th, by Mr. Rittmhoufe ; who took the following Ob- 
fervations with it ; 'viz. 

Zenith diflances of Stars, for difcovering whether there might be any 

error in the inftrument. 

With the face of theQuadrant weftwards.] With the face eaftwards. 

Higheft ftar ia'^May'^i 20'. 36'. 6"Higheft ttaxlJuntS 
_ . ^ . . - - 

o 
18 

'4 
20 

22 

^7. 



left leg of Bootes v^»M 4 

\May 31 
Ar£luras 



June 



Bright ftar in 
the Crown 



[June 1 



5 



20. 
20. 
19. 
19. 
ig. 
19. 
12. 
12. 



36. 
46. 

46. 
39- 
39- 



in left leg 
of Bootes 



Arfturus 

Bright ftar in 
theCrown 



nc 

\ 



7 
8 

^ June 6 

s ' 

J 10 

June 6 
10 



2o''-35' 

20. 

20. 

19. 

19. 

19. 

19. 

12. 

12.' 



36. 
46. 
46. 

46. 

39- 
39 



55- 

5+ 
o 

5. 
8 

•3 
1 1 

34 
18 



From a mean of the above 18 Obfervations, the error of the quadrant is 
3,"5 to be fubftraaed from the Zenith diftance when the face is weftwards, 
and added when it is eaftwards . 

OBSERVATIONS cfthe Zenith Dijiance of the Sun's upper and lo'wer Limb ;. 
and the Latitude of the Objervatory deduced from each feparately. 



Q's upp. limb a Zen. 


Hence Lat. 


Q's low. limb a Zen. 


He 


nee Lat. 


lUy 25. 18° 48'. 4J- 4o«. IQ'. 17" 


June 8. i7». 29'. 33" 


40" 


9. 48' 


26. 18. 38. 18 


40. 10. 10 


9. 17. 24. 35 


40. 


9- 47 


27. 18. 28. 21 


40. ip. 10 


10. 17. 20. 5 


40. 


9- 49 


June I. 17. 43- 47 


/cloudy, and 
5 doubtful. 


II. 17. 15. 59 
14. '7- 6. 9 


40. 
40. 


9. 52 
9. 58 


2. 17. 36. 16 


40. 10. 2 








4. 17. 21. 51 


40. 9. 52 








doublf.e. 17. 8. 53 


40. 9. 34 








7. 17. 3. 21 


40. 9. 47 








12. 16. 41. 10 


40. 10. 14 








13. 16. 37. 45 


40. 10. 8 








Mean of the above ^ 




Mean of the 5 ^ 






9 obfervations ofC 


40°. 10'. i". 3 3"' 


obfervations of the >40'' 


•9- 


SO-.48'" 


O's upper limb is, 3 




lower limb, 3 






Do. from the 5 ob- > 










fervations of lower ^ 


40. 9.50. 48 








lirab, J 










Mean of both. 


40". 9.'s6."io'" 


for the Lat. of Norriton 


Obfervatory. 


And 


39- 56.S4- 


Lat. of Philaddphia Obfervatory. 










• The 



duced from the two foregoing correfponding obfervations, than on the mean 
deduced from the calculated times ; which, however, puts us only j" more weft. 
The immerfion ni April isth was taken At Greenivicb, with Bird"* Telefcope of 3,8 
inches aperture, and the fame immerfion at Ncrriton with' a Refractor that, in all 
trials, as near as can be judged, gives the famefecond with the Gregorian Rsfleftor 
of 4, 4 inches aperture j fo that s" or 3" might be added to the time of the im- 
merfion at Greeniuicb to agree with our Telefcope, which would make 5.h i.' 33" 
or 34.*' diff. long, the fameas got from the/nma of the calculated times. 

The edipies of id. and 3d. fatellite are not fet down, at they are not fo much 
to b« depended on, as thole of the ift. 



C «3 ] 

The difference of the above obfervations is greater than 
might be wifhed. All that can be offered to excufe them is the 
want of better inftruments 5 though Mr. Rittenhoufe thinks the 
differences chiefly arofe from the aftion of the fun on the 
wooden frame which fupported the quadrant. For he always 
obferved that when the ihuttcr in the roof was opened, the 
plummet-wire would, in a minute or two, lea\e the point, 
though it had ftood over it quietly all the forenoon. Yet, not- 
withftanding thofe differences, a Mean, from fo many, may be 
fuppofed very near the truth; fmce, if we leave out that of June 
€th, which differs moft from the others, the mean of the refl 
will be but 2" greater than it is fet down above. 

So far I have gwenMr.Rittenhoufe's obfervations, previous and 
fubfequent to the Tranjity for afcertaining the going of his time- 
piece and fixing the latitude and longitude of the obfervatory, 
from February 15th to July 8th-, by which it will appear what 
laudable diligence he hath ufed in thefe material articles. He 
hath taken many more obfervations fmce ; but thofe given 
above, are judged fully fufEcient to Ihew that both the latitude 
and longitude of the obfervatory may be * depended on', and 
alfo the times given on the day of the tranfit. 

It hath been mentioned before, that it was on Thurfday af- 
ternoon, June ift, that Mr, Lukens and my f If arrived at 
Norriton, with a defign to continue with Mr, Rittenhoufe 'till 
the tranfit fhould be over. The profpedt before us was very 
difcouraging. That day, and feveral preceeding, had been 
generally overcaft with clouds, and frequent heavy rains ; a 
thing not very common for fo long a period at that feafon of 
the year, in this part of America, Bur, by one of thofe fudden 
tranfitions, which we often experience here, on Thurfday 
evening, the weather became perfeftly clear, and continued the 
day following, as well as the day of the 'Tranfit, in fuch a 
flate of ferenity, fplcndor of funfhine, and purity of atmof- 
phcre, that not the leaft appearance of a cloud was to be feen. 

D a June 

• As the mfnroration of the ground between the ObfervahrUs of Philadtlphia 
and Norriton, wilt give the fame difference both of longitude and latitude, ^which 
was got by the different aftronontjicat obfervations at each place, they may be 
therefore taken as a confirmation of each other. 
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June 2d, and the forenoon of June 3d, were fpent in 
making the neceffary preparations, fuch as examining and 
marking the foci of our feveral tclefcopes, particularly the 
rcfleftor, with and without the micrometer. The refleftor was 
alfo placed on a polar axis, and fuch fupports contrived for 
retting the ends of the refra(fl:ors, as might give them a motion 
as nearly parallel to the equator as fuch hafty preparations 
would admit. Several diameters of the Sun were taken, and 
the micrometer examined by fuch other methods as the Ihort- 
ncfs of the time would allow. 

The Sun was fo intcnfely bright on the Day of the Tranfiti 
that inftead of ufing the coloured glafles fent from England with 
the Rcfledior, I put on a deeply-fmoakcd glafs prepared by 
Mr. Lukens, which gave a much more beautiful, natural and 
■well-defined appearance of the Sun's Difk.Thefmoaked glafs was 
fattened on the Eye Tube with a little bees-wax, and there was 
no occafion to change it during the whole day, as there was not 
the leaft cloud, or intermiffion of the Sun's iplendor. 

Mr. Rittenhottfe, in his previous projeftion (fee p. 4) had 
made the firtt external contadt to be, June 3d, 2*". 11' for lat. 
40* N. and long. f*". W. of Greenwich ; on a fuppofition of 
the Sun's horizontal parallax being 8'. He happened to be 
very near the truth. For at 2''. 10'' 33' mean time, the ift' 
external contaSl was at Norriton, lat. 40**. 9'. s^ N- ^"d 
long. 5''. 1'. 31'' weft. Other calculations made it generally, 
from 6' to 8' later for the fame latitude and longitude. 

Tho' this calculation was not given, to be entirely depended' 
on, yet it was fufficient to make us keep what, in the fea- 
phrafe, would be called a good look-out ; and therefore, at one 
o'clock, we took off the Micrometer, which had been fitted to the 
Refleftor with a power of ^s^ *"d adjufted it to diftin<^l vi- 
fion, with the * fame power to obferve the Contacts. And 

during. 

• As the two Kefraaitig TeUfcofes, ufeci by my affociates, took into their fielcj 
but a fmall part of the Sun's limb, and were difficult to manage on account of 
their length and the Sun's great altitude, it was thought beft that I flioiild not- 
wfe the greatett pow«r of the Kefiiaar ; that, having a larger field, I might be al>lfc 
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during the hour that was to intervene from one to twOt we 
refolved to keep an alternate watch through the RefleSior, on 
that half ot the Sun's limb, where Fenus was certainly expedcd 
to touch; while the others, not thus employed, were fixing 
what more remained to be done, as follows, viz. 

First, That each of us might the better exercife our own 
judgmenti without being influenced, or thrown into any agi- 
tation by the others, it was agreed to tranfaft every thing by 
fignals, and that one fliould not know what another was doing. 
The Situation of the Telefcopes, the two Refradors being at 
fomc diftance without the Obfervatory, and the Refleftor within, 
favoured this defign. 

Secondly, Two perfons, Mr.5tf//fn, one of our Committee, 
and Mr. Archibald Mc.Clean, both well accuftomed to matters 
of this kind, were placed at one window of the Obfervatory, 
to count the clock and take the fignal from Mr. Lukens. Two 
of Mr, Rittenhoufe's family, whom he hath often employed to 
count the clock for him in his obfervations, were placed at 
another window to take his fignal. My Telefcope was placed 
clofe by the clock, and I was to count its beats, and fet down 
my own time. 

These Preliminaries being fettled, we prepared at two 
o'clock to fit down to our refpeftive Telefcopes ; or (I ftiould 
rather fay) lie down to the RefraSors, on account of the Sun's 
great height. 

As there was a large concourfe of the inhabitants of the 
county, and many from the city, we were apprehenfive 
that our fcheme for filence might be defeated, by fome 
of them fpeaking, when they fhould fee any of the fignals 

to give notice to them, if the Contact (hould happen at any great diftance from 
that part oi the Sun's limb where it was expefted, and which might not be withii> 
their field. But, if it ftiould happen near that part, we were to tranfaft every 
thing by fignals given to the counters at the clock, without the leaft notice to each 
other. It was alfo thought bell that there (bould be fome dilTerence in our maji- 
njfy ing powers ; and I am well pleafed that I did not ufe a larger with the Refleftor> 
sit the vifion, with the power J ufed, was exquifrtely diftiuft and aeeurate, 

ibir 
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for the Contadts i and therefore we found it ncceflary to tell 
them that the fuccels of our obfervation would depend on their 
keeping a profound filcnce 'till the ContaEls were over. And to 
Ao them juftice, during the 12 that enfued, there could not 
have been a more folemn paufe of filence and expe<5lation, if 
each individual had been waiting for the fentence that was to 
give him life or death. So regular and quiet was the whole, 
that, far from hearing a whifper, or word fpoken, I did not 
even hear the feet of the counters, who paffed behind me from 
the windows to the clock ; and was furprized when I turned 
from my Tclefcopc to the clock, to find them all there before 
me, counting up their feconds to an even number ; as I imagin- 
ed, from the deep filence, that my afTociates had yet k^rx 
nothing of Venus. 

As the Contacts are among the moft eflential articles re- 
lative to this phasnomenon, it is material, before we fct down 
the t'ttncs^ to give a particular account of the manner in which 
each obfcrver judged of them, and the circumftances attending 
them. 

Mr. RITTENHOUSE's Account of the Contacts. 

" At 2\ 11'. 0,^" per clock, the Revd. Mr. Barton of 
Lancafter, who affitted me at the Tclefcope, on receiving my 
fignal, as had been agreed, inftantaneoufly communicated it 
to the counters at the window, by waving a handkerchief; 
who walking foftly to the clock, counting feconds as they went 
along, noted down their times feparately, agreeing to the fame 
fecond. And three feconds fooner than this, to the beft ot my 
judgment, was Ihe time when the leafl. impreflion made by 
Venus on the Sun's limb, could be feen by my Telefcopc." 

" When the Planet had advanced about one third of its 
diameter on the Sun, as I was fteadily viewing its progrefs, 
my fight was fuddenly attracted by a beam of light, which 
broke through on that fide oi Venus yet off the Sun, Its figure 
was that of a broad-bafed pyramid ; fituated at about 40 or 45 
degrees on the limb of Venusy from a line paffing through her 
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center and the Sun's, and to the left hand of that line as feen 
through my Telefcope, which inverted. About the fame time, 
the Sun's light began to fpread round Venus on each fide, from 
the points where their limbs interfered each other." See a 
reprefentation of both thefe phaenomena, plate 3. fig. 1. 

" As Venus advanced, the point of the Pyramid ftill grew 
lower, and its circular Bafe wider, until it met the light which 
crept round from the points of interfeftion of the two limbs ; fo 
that when half the planet appeared on the Sun, the other half 
yet off the Sun was entirely furrounded by a femicircular light, 
befl- defined on the fide next to the body of Venus^ which con- 
tinually grew brighter, till the time of the internal contadb.'* 
See plate 3. fig. 2. 

" Imagination cannot form any thing more beautifully 
ferene and quiet, than was the air during the whole time ; nor 
did I ever fee the Sun's limb more perfedtly defined, or more 
free from any tremulous motion ; to which his great altitude 
undoubtedly contributed much." 

" When the internal contaSI (as it is called) drew nigh, I 
forcfaw that it would be very difficult to fir the time with any 
certainty, on account of the great breadth and briehtnefs of 
the light which furrounded that part of Venus yet off the Sun. 
After fome confideration, I refolved to judge as well as I could 
of the co-incidence of the limbs ; and accordingly gave the 
fignal for the internal contaSI, at 2''. 28' 45'' by the clock 
(when the appearance of Venus and the border of light 
were as in fig. 3, plate 3.) and immediately began to count 
feconds, which any one, who has been accuftomed to it, may 
do for a minute or two, pretty near the truth. In this manner 
I counted no Icfs than 1' 32''' * before the effeft of the ac- 

• Mr. Rittenhuft thinks that a perfon who had feen the Sun nearer the horizon, 
and could not fo well diftinguiih between the body of Venus, and this rnrround-. 
ing atmofphere, would have been near i later than him in pronouncing the 
contaftj and that the other 32" elapfed before the Sun's limb (through the large 
Refraftor he \xied) appeared totaily reiloredto its former fplendor. 

mofphere 
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mofphere of f^tnut on the Sun's limb wholly difappeared^ 
leaving that part of the limb as well defined as the reft. From 
this 1 concluded that I had given the fignal for the internal 
contaSi too foon.; and the times given by the other obfcrvers at 
Norritpn confirm me in this opinion." 

.Mr. LUKENS'j Account of the Contacts. 

" The Telefcope I ufed, being a Refractor of 42 feet, 
giving but a fmall field, and fomething difficult to manage, by 
reafon of the Sun's great altitude ; I was obliged to move * 
often, and apprehend that I did not difcover the firft inipTcnion 
of the planet on the Sun, which my Telefcope would have 
Jhewn. For, after one of thofe movements, on bringmg the 
glafs to bear again on that part oi the Sun's limb where Venus 
was expecfted, I faw a large tremulous fhadow, already foihe- 
what advanted, and fecming to prcfs ftill inwards on the Sun's 
limb. Having contemplated this for a few feconds, and per- 
ceiving the appearance grow more dark, and make a 'better 
defined imprefTion on the limb, I gave the fignal to the perfons 
who counted time for me, which they noted down feparately 
at 2''. 12' 3^ by the clock. I fuppofe my telefcope might have 
fiiewn the impreffion on the Sun's limb at leaft 15" fooner. 

" When Venus was near one half of her diameter advanced 
on the Sun, 1 faw diftindly a border of light encompafling 
that part of her which was yet off the Sun. This was fo bright 
that it rendered that part of Venus vifible and pretty well 
defined, although not yet entered on the Sun. But towards 
the internal contaSt, the circular border of light feemed to grow 
more dufky towards the points where the luminous fegments of 
the Sun's limb were ready to clofe round the planet. This 
dufkinefs did not feem to part wholly from the Sun's limb, at 
the time I apprehended the body of Venus to be wholly entered 
on the Sun, and when I gave the fignal for the internal contaft, 
which was noted by both the perfons who counted for me at 
a**. %%' . 58'' by the clock. And I judge at leaft from 16" to 18' 
more, before 1 faw the Sun's iimb clear of this dulky Ihadow." 

• The o^)fer»«r5 with the RtfraSort were qbjiged to lie on the ground, with 
their hcadi bolfter'd up by the perfoni that afliRed them. 

Dr. 
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Dr. SMITH'j Account of the Contacts, 

*' The power kept on the Gregorian Reflector, forobferving 
the contails, as hath been already obferved, was the fame 
which we had been ufing, and were again to ule, with the 
Micrometer, magnifying 95 times. I had therefore a large 
field, taking in about half the Sun's Di(k •, and the inftrument 
was fo firmly fupported, with its axis in a polar diredlion, that 
it could not be Ihaken by any motion on the earthen floor of 
the obfervatory, and required only an eafy movement of one 
part of the rack-work to manage it. With thefe advantages, 
any part of the Sun's limb could be readily kept in the middle 
of the field, without neglecting, every V'or ^", to caft my eye 
on all other parts of the limb on both fides, where there was 
any poflibility of the contadt to happen. 

Within half a minute of the time calculated for the ift 
contadt by Mr. Rittenhoufe, I fpoke to the counters at the 
windows to be very attentive to rhofe who were to give them 
the fignals from the Telefcopes out of doors -, and turning 
my eye clofely to the part of the Sun's Umb where Venus was 
expedted, I had viewed it ftedfaftly for feveral feconds, without 
having occafion to change my field, wheni was fuddenly fur- 
prized with fomething ftriking into it, like a watery pointed 
Ihadow, appearing to give a tremulous motion to all that 
part of the limb, although the Telefcope ftood quite firm, 
and not the leaft difturbance or undulation were perceptible 
about any other part. 

" The idea I had formed of the contaSi was — That Vtnus 
would inftantaneoufly make a well defined black and fmall 
impreffion or dent on the Sun. But this appearance was fo 
different, the difturbance on the limb fo ill-defined, undulatory, 
pointed, waterilh, and occupying a larger fpace than I expedled, 
that I was held in a fufpenfe of 5* or 6" to examine whether it 
might not be fome Ikirt of a watery flying cloud. 

*' Perceiving this (hadow (atmofphere, or whatever elfe 
it was) to prefs ftill forward on the limb, with the fame tre- 
mulous pointed appearance, the longeft points towards the 

E middle 
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iniddle, I began to count the beats of the clock for either 
xcj" or \6\ when a well-defined black dent, apparently occu- 
pying a lefs fpace on the Sun's limb, became diftindtljr vifible. 
I then quitted the Telefcope and turning to the clock, noted 
the time it then fhewed, which was 2''. 12' 5^. 

" About 22''' fooner than this (viz. the j 6^ I counted, and 
the c^" or b" in which I remained in doubt at the beginning) 
was the firft vifible impreflion on the limb which my Tele- 
fcope would fhew -y and I alfo marked that time down ; viz. 
2^. 11' ifO" to ifO,". If this firft impreflion is to be taken for 
the external conta5l^ 1 think it may be judged of almott to a 
ftngle fecond^ by perfons having equally good eyes arid Tele- 
fcopes ; which cannot be done, as I apprehend, to feveral 
feconds, either with refpeft to the internal contaSf, or even with 
refpefl to the moment of the firft diftinft black dent, commonly 
marked for the external contact.. In both thefe> fome differ- 
ences may well happen among the beft abfervers, from their 
different manner of judging, in refpeft to a circumftance of 
fuch exquifite nicety. 

" Whether a Telefcope of larger powers than what I 
made ufe of, might not have fooner fliewn this firft ftiadowy 
impreflion (that preceeded the diftindt black conta(5t) I will 
not take upon me to determine; though^from the .time given 
by Mr. Rittenhoufe, 1 think it would. But this I can be fure 
of, that I faw the firft ftroke of it perceptible through my Te- 
lefcope, having that part of the Sun's limb in full and Aeady 
view ; and I might liave noted the time to a Angle fecond, if 
I had expecfted itjn that way. 

" As to the internal contact^ the thread or crefcent of light, 
coming round from both fides of the Sun's limb, did not clofe 
inftantaneoufly about the dark body of the planet, but with an 
vmcertainiy of feveral feconds ; the points of the threads darting 
backwards and forwards in^to each oth«r, in a quivering manner, 
for fome fpace of time, before they finally adhered.! he inftant of 
this adhejicn, I determined to wait for, with all the attention in 
my pow.er, jind to note it down for the internal contaSt \ which 
I;did,.at 2"^. 29' c/' by the clock.; a few feconds later than. 

Mr. 
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Mr. Z,«;^;;w,- who judged in the fame way. And even therv, 
though the points of the thread of light feeincd to cloie, yet 
the light itfelf did not appearperfedtonthat part of the limb till 
about 13^ afterwards -, and 1 apprehend that a perfon who had 
waited for the perfeclion of this fmall thread ot light, would have 
given the contaft that number of feconds later than I did, al- 
though I was later than the others." 

" After the ift contaft, having quitted the Telefcope, to 
note down my time, the gentlemen who counted for us, and 
feveral others now in the obfervatory, were impatient to fee 
Venus before Ihe had wholly entered on the Sun ; an indulgence 
not to be denied them, as the Hefledlor was moft convenient 
for them. For this reafon I did not fit down, to it again till 
within 5' or 6' of the internal contact, and confequently faw 
none of thole curious appearance^ on that part of the planet off 
the Sun, mentioned by my affociates. But their account may 
be fully depended on, as both of them are well accuftomed to 
celeftial obfervations, and are accurate in judgment as well as 
fight. The fmall diffrrences in the times of our contaSis, it is 
prcfumed, may be eafily reconciled, from the different powers 
of our 1 elefcopes, and other circumftances mentioned in the 
manner of judging. At any rate, we have fet them down faithfully, 

" As to the firft difturbance in the Sun's limb, it may be 
worthy of confideration, whether it was really from the intcr- 
pofition of the limb of Ferns, or of her atmofphere. One 
cannot eafily imagine it to be the former, without fuppofing 
her limb and body much more ragged and uneven, than they 
appear when feen on the Sun. An atmolphere is a much more 
probable fuppofition, not only from the faint and >vaterifli 
colour at firft, but the undulatory motion above mentioned, 
which might arife from the growing denfity of the atmofphere, 
pufhing forward on the Sun, and varying the Re/ration of his 
rays, as they pafs in fucceffion through it. 

" If fuch an atmofphere be granted, it will probably ac- 
count for the tremulous motion, in the thread of light creeping 
round Venus at the internal contaSi ; which may be thus pre- 
vented from clofing and adhering quietly, till this atmofphere 

E 2 (or 
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(6r at leaft Its denfeft part) has entered wholly on the Sun, and 
confequenily the co-incidence of the limbs be paft. For, though 
the atmofphere of Venus (as far as we could poffibly judge) 
be not vifible on the Sun ■, yet that part of it which is fur- 
rounding, or juft entering, his limb, may be vifible; having, 
if I may fo exprefs it, a darker ground behind it. 

" But thefc are only hafty conjectures, fubmitted to others; 
although, if they have any foundation, it would make fome 
difference in the time eftimated between the contaSfs. And 
therefore, thofe aftronomers who may happen to be in the 
world at another tranftt, will perhaps think it beft to fix on 
fome general mode of pronouncing with refpedt to the contabls ; 
either by negleding this atmofphere altogether, or taking their 
time from the appearance and diiappcarance of its effeds on 
the Sun's limb. In either cafe, it is prefumed the times of 
different obfervers having nearly the fame altitude of the Sun, 
and equal advantages of weather and inflruments, would not 
differ fo much as has been the cafe hitherto, even among emi- 
nent aftronomers at the fame place." 



Gemral TABLE of (i>e"C NT'IC TS of the limhs of thr'ivn ana' 
Venus, as obfer-ved at Norriton, Juite '^d, 1769. Reduced to apparent Time}, 

N B. June 3d, (lij- the preceeding tables of the work) the Sun's center was| 
oil the meiidian ar iih. j8'. 49" by the clock ; and June 4th, at iih, jj'.. i",i' 
and therefore gained at the rate of 13'' in 14 hours. Hence, at noon Jane 3(1, tht| 
clock being i'. 11 "(low of apparent time, fhe was only j'. 9". 48'" flow at the| 
external contaft, and i' 9". 40' ' flow at the internal contaft. But to avoid! 

fraftions, we fay, >'. t^" flow at botli contafls. Whence 

The apparent Time of the Contafts, by the difierent Obfervers, was 

External Conlafl, 
by Mr. RiTTENHousE 
Fiifl impreflion on ©'»: 
limb, judg'd of as in 



Externnl Cental, 
by Dr. Smith. 
Fiid vifible intprtfllon 
on O's limb, in foimof a 
tremulous pointed fliadow, 
at h. m. fee. 

z. li. 50 t» 53 
A well-defined black dent 
in 0's limb, at 

I- '3; '5 

Internal Contadl. 
A thread of light, clo- 
iiig round the dark body 
f 9 with a tremuious mo 
on, at h, m. fee. 

«. 30. 15 
The luTTiinQus, thread 
become clear and quiet in 
ii"more, viz. at 
g- T*- ^7 

\U-. -— ~». ■ » r .^j: 



External Con(a£t, 

by Mr. LuKENS. 

Mr. Lukens changing his 

Field. 



A fmall Dent in©'s limb, 
at h. m fee. 

*• 13- '3__ 

Internal Contaft. 

Thread of light begin 
ning to clofe round 2 at 
h. m. fee. 
2. 30. S 

Thread of light feemed 
compleat, at 

2. 30. 14 



Plate 3. Fig. 



at 

h. m. fee. 
z. 12. 49 



Internal Cont.ifl. 

Appearance as inPlate 3 

Fig. 3, and judged ' b 

him for the Contail, at. 

h. ni. fee. 

a- 23. 55 



Whem 
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When Venus was fully entered on the Sun's limb, and w6 
had compared the different papers on which our contafts were 
written down, and entered them in our book, we prepared for 
the Micrometer and other obfcrvations. 

Those of the Micrometer, reduced to apparent time, are 
as follow, viz. 
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Value. 



Time per clock Micrometer 
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I1. m. he- .11.201115.500111$ 
8. 3j. o 3. II. 
8. 40. o j, II. 
8, 4;. o 3. II. 

I'. M. 
12. 35. o ]. II. 13 31. 34,16 
12. 40. o 3. II. li 31. 33,1 

Mean of the above ; horizontal '? "J q 

diameters of © - - ^ 3 • 34' 5 
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Which gives © 's femidiaraeter 1 5 '. 46,"94; that is, ontfecondAwA ^ of a fecond 
larger than the diameter given in the nautical almanack for the tranilt day. 
Yet, Venus's diameter, though taken with the utmofl care by the fame 
Micrometer and at the fame focus (as the Sun's) comes out about one fecond 
lefs than it was expefted, being 57>''i2 ; or about j^ of ©'3 diameter. 

The vertical diameter of © on the fame day was 31'. 31, "8 at 4^' 
40'. P.M. 

Of the Micrometer meafures, the 2d, 5th, and i8th 
diftanceofthe neareft limbs of the5«K and Venus ; the ift in 
a chord parallel to the equator, the iftand 6th of the diameters 
oi Venus; and the ift and 4th of the diameters of the Sun., 
were taken by Mr. Rittenhoule, The 3d and i6th diftance of 
the neareft limbs, the 3d diameter of Venus and the 2d of the 
5««, were taken by Mr. Lukcns. All the other Micrometer 
meafures were taken by myfelf, while Mr. Rittenhoufe applied 
himfelf to take the appulfes of the limbs of the Sun and center 
of Venus to the crofs hairs of his equal altitude inftrumenr, 
Mr. Lukens writing down the obfervations and their cxadl 
time. 



The Micrometer meafures were all feparately reduced to 
their value in minutes and feconds by Mr. Rittenhoufe, and by 
myfelf, making the proper allowance for the error of adjufl- 

ment 
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mcntof the inftrument. Many more Micrometer meafures 
might have been taken ; but h?.d we made the intervals 
between them much (horter than 8 or lo minutes, they 
would have been of little ufe in the projection, and would have 
crouded it too much. Nor could we have beftowed the fame 
care in fetting the inftrument, reading off the vernier, &c. 
if a much larger number had been taken. 

In order to judge of the error of the Micrometer (if any) 
Jupiter's diameter was not only taken with it both ways, viz. 
to the right and to the left, but Mr. Rirtenhoufe likewife took 
a ffiean to the right of lo diameters of a white painted circle 
about 330 yards diftant, and alfo a mean of as many to the left. 
This work was performed early in the morning before fun-rife •, 
when the air was free from all tremulous motion ; and the re- 
fultgavean error of adjuftmentof i''',i2 to be fubftrafted from 
all the micrometer meafures. 

It was once intended ftill further to confirm the work of the 
following delineation, by applying the obfervations of rhe ap- 
pulfes of the limbs of the Sun and center of Fenui, mentioned to 
have been taken above. But the lines neceffary for this, would 
have confufed the figure; and the Micrometer obfervations 
being found fo exaft, any further ufe of the others, than to try 
how well they would agree, was thought to be needlefs, efpe- 
cialas the fraftionsof Teconds in them could not be eftimated, 
fo as to come up to the accuracy of the Micrometer. For this 
reafon, thev are not fet down.. 
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DeUmaHon of the Tranfit of Venus ever the Sun, nicording to 
the foregoing Obfervations, with the principles of the work' 

By Mr. Rittenhouse. 

c< rx^HE Sun's horizontal parallax is aflumed 8^65 at his 
X mean diftance from the earth ; from which, and the 
obfcrved leaft diftance of the centers of the Sun and Venus, 
the chord of the tranfit line was laid down. The Sun's femi- 
diameter and that of Venus are taken as by the above obferva- 
tions. One point in the tranfit line was then fixed by the firft: 
Micrometer diftance of the limbs at 3''. 7' 19* apparent 
time. This line was then divided carefully into hours and 
minutes, fuppofing Venus to move i/^o/^6 over the Sun's 
Diflc in an hour, according to a calculation I had formerly 
made from Halley's tables. The place of Venus's center in 
the tranfit line, was then marked to the times of each of the 
obfervations ; and from thence the apparent phce of her center 
found, by fetting off the quantity ot her parallax from the Sun 
in its proper dire<Slion. About each of the centers fo found, 
a circle is defcribed with the Radius 28^,56. the obferved femi- 
diameter of Venus. Blank lines were next drawn through the 
Sun's center and the apparent pkce of the center of Venus j 
and on thefe the black lines were drawn from the Sun's limb 
prccifely of fuch length as we found they ought to be by the 
Micrometer ; fo t-hat it may be lecn at once how far they cor- 
refpond with each other, by obferving how much they exceed 
or fall Ihort of reaching the limb of Venus. 

Out of the 18 Micrometer Obfervations there is fo exaft 
a correfpondence among 14 of them, that I am well convinced 
they may be depended upon. Two of the others, as will appear 
by the figure, reach about &fecona over the limb of Venus-, and 
the other twoarefcarce i.fecondi\\oxtoi it. Such fmall differences 
might eafily have happened from the leaft inaccuray in reading 
off the time, or thedivifion'! of the vernier, or from their not 
being exa(5tly taken in the direftion of the neareft diftance of 
the limbs ; that is in a line joining the center of the Sun an^ 
.Venus, 

T«T. 
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The mcafurcs intended to be taken in chords parallel to \hc 
equator, are likewife exceeding near the truth, if it be confidercd 
that in fctting the Micrometer to that diredtion, we had only the 
truth of the polar axis to depend on, which was conftruded 
haftily to anfwer the purpofe of the Day. Three of thefe meafures 
agree well with each other, and with all the other Micrometer 
Obfervations, on fuppofing the chord in which they were taken 
inclined half a degree to the plane of the equator. The 4th 
is ftill more nearly parallel, but diverging fometliing the other 
way. Thefe chords are delineated in the projeftion, and ferve 
to confirm the other work. 

All the parallaxes of Venus from the Sun were taken from 
a projeftion on a large fcale ot half an inch to a fecond, and 
then reduced to the Icale of this delineation* After calculating 
fome of thofe parallaxes, and finding that thofe got by the 
projedlion came as near thoic got by calculation, as ic was 
poffible to lay them down from the fcale j any further nicety 
was not thought neceffary. 

The angle of Venus's vifible way with the? „o „, . 
Ecliptic 1 find to be S » . 2« . 27 

The angle of the ecliptic with a parallel of ^ ^ , ^ 
declination at 3''. P.M. S 7 • 5-^3 

Decreafing 53'''' per Hour. 

Latitude of the Obfervatory (as above) 40°. 9'. ^6" 

Hence the parallaxes were fitted to each of the Micrometer 
Obfervations, as laid down above. If a computation be made 
from the firft Micrometer Obfervation of the diftance of the 
limbs, we Ihall find the time of the leaft diftance of the centers 
df the Sun and Venus as fcen from the Earth's center to have 
been ----- 5'\ 26'. 16' 

If a like computation be made from the 1 6th d 1:061 
Obfervation it will be found -> ^' 

By comparing foi-pe other obfervations with thefe I conclude 
the time of leaft diftance of the centers to have been 

5''. 26'. zo'' 

F Then 
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Then fay, as Radius is to the tangentof the angle of Fenus's 
vifible way with the ecliptic ; fo is the leaft diftance of the 
centers, to that portion of the path, intercepted between the 
place of Ferns at the time of the leaft diftance of the centers, 
and her place at the time of ecliptic conjunftion ; that is — 
Rad : T. 8°. 28'. 2/: : 610''': 90^88. 
But 90^,88 reduced to time is - - o*". 22'. 41^ 
Time of leaft diftance of centers is - 5 . 26. 20 
Difference of which is the time of ^ jj '/ // 
ecliptic conjunftion ^ ^ * ^ ' 39 

Again Rad: fee. S**. 28'27^:: 610''': 616^73; the geo* 
centric latitude of Fenus at the time of ecliptic conjunftion. 

From the logarithm of Fenus geocent. lat. 2. 7900974 

Subftradt the diff. of the logarithms of;) 

Fenus's diftance from the Earth and t o. 4002370 
from the Sun 

Remains the log. of the heliocentric lat. 2. 3898604=4'. 5''',39 

Then fay ; as the tangent of the inclination of the orb of 
Fenus, is to Radius, fo is the tangent of her heliocent. lat. to 
the fine of her diftance from the node in the ecliptic •, that is— 

T. 3°. 23.' 20": Rad:: T. 4.' 5,"39 : Sine i". 9.' 4" 
the diftance from node. 

The 5a«'s place, by Halley's tables at time? ^s o ng/ 5,^ 

of ecliptic conjunftion was 5 • 3 • -3 

Diftance of the node from the Sun o. i. 9. 4 

The Sum is the place of Fenus's afcending> T 

node S 2. 14- 35- 30 

But, by Halley's tables, the place of Fenus? „ ^ 



to the above time is only 
That is Ten Seconds too flow. 
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Thus, Gentlemen, you have a faithful account of our whole 
work, which we could have wifhed to have reduced to Icfs 
compafs. Had our latitude and longitude been previoufly 
fixed, as they had been at Philadelphia by able mathematicians, 
a great part of our work might have been faved. But we 
thought it necefTary (as hath been before hinted) to fhew that 
fuch pains Were taken in thefe material articles that they mav 

be 
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be depended on. And as we were happily favoured at the 
tranfit, with advantages of weather, and other circumftances, 
which cannot have happened to the generality of obfervers in 
many parts of the world, it was thought we ihould be more 
readily excufed, by men of fcience, for the infertion of things 
that might be fuperflous, than the omiflion of the leaft article 
material, in the account of a phoenomenon, that will never be 
obferved again, by any of the prefent generation of men. 
I am, 
Gentlemen, with great refpe6t. 

Your moft obedient humble fervant, 
Philadelphia, July WILLIAM SMITH, 

i^th, iy6^. 

The reader is defired to make the following corredion of the 
equal altitudes of April i ith and 14th, as that part of the 
work was printed off before the miftake was difcovered. 



J, M. P M. Hence ap- 
h. m. fee. h. m. fee. par. noon, 
>8. 30. 32 3. 30. 43 per clock. 
5 V8- 33- 28 3. 27.47. h. m. fee. 
^"J8. 34. 55 3. 26. 22; 12. o. 25 



^ ^ J.M. P. M. 

fee. h. m.fec. 



^^ J. M. 

5. [ h. m. fee 
r/8-z5'42 3- 33- 56 
•fcl- - - 3-3I- 1 
?-^8. 30. 2 3. 29. 37 



Appar. nooii 
per clock. 

h. m. fee. 
n- S9- 37 



which gives 1". to be fubtrafled from, inftead of being added 
to, the obferved time of the immerfion of ift fateUite, April 
12th, and makes it ii'^. 14'. c^y" (as it ftands correfted in the 
table of ecllpfes of the fatellites) inftead of ii*^. 14'. 39''', as it 
would be deduced from the altitudes printed above for April 
nth, compared with thofc of April 14th. 

The Emer. of 2d Sat. per Clock, June yih, is alfo to be read, 
8h. 43'. 2/, intteadof S'". 23'. 42". 

P. S. As it is hoped that not only this province in general, 
but likewife the Society who fet on foot, and the honorable 
Houfe of Affembly, who fo liberally encouraged, the defign 
for obferving the Tranfit here, may derive fome credit from 
the laudable fpirit (hewn on that occafion, I Ihall add an ex- 
traft of a letter from the Revd. Mr. Mafkelyne the Aftrono- 
mer Royal, to fhew how well our labors have been received 
at home. 

F 2 Greenwich^ 



S I R, 
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Creenwicht ylnguSi 2d, 1769. 



" T Thank you for the account of the Pennfylvania Obfer- 

" X vations (of the Tranfu) which feem excellent and ccmpleat, 

" and do honor to the gentlemen who made them, and thofe 

" who promoted the undertaking ; among whom 1 reckon 

" yourleif in the firft place. 

" As foon as I can fettle the longitude of their places of 
" obfervations, with refpefi: to this place, I hope to be able, 
" from comparing them with my own, and other European 
" obfervations, which I have already received, to find the- 
" Sun's Parallax, nearer than we could depend on it from 
" the Tranfu in 1761. 

" I DO not yet know whether the Obfervations made by 
" McfTrs. Mafon and Dixon in Pennfylvania will fuffice to 
«* fettle the longitude of Philadelphia, to the exaftnefs here 
" requifue. I wifh, therefore to receive the obfervations of 
" the eclipfes of Jupiter's fatellites, mi^de there in the fprir.g 
••■^ of this year, of which Dr. Smith makes mention. Thofe 
" which have been made here, I have fet down on the * next 
'' page, and requeft you will be plcafed to fend them to him,. 
" with my beft compliments and congratulations on his and 
" his fellow-Obfervers iuccefsful labors, I wifn alfo to have 
" an acount of the difference of latitude and longitude between 
" the Philadelphia Obfervatcry, and the two 0\.\\cx Obfewatories 
" at Norriton and the Capes cf Delaivare ; and alfo liow much 
*' the ^/a/^-f/jz^y^ fquare difftrs from the fovnherm.oft point of 
" the city of Philadelphia, to wluchMeffrs. A4afon an;t Dixon 
" have referred their obfervations. 

" V7hen you .receive any further account of the Pennfylva^ 
«'■ nia Obfervations, promlfed by Dr. Smith, or any other 
" American Obfervations, I fhail be obliged to you for a fight 
" cjfchem. 

" I BFG you vvill accept of the enclofed- account of my ob- 
" f;rvations of the Tranfit, and of the cclipfe of the Sun^ 

*■ They .ii-e infericd above at the bott»m of Page 21. 

" June 
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*' June gd. You will perceive that feveral phoenomena noted 

" ar Ncrriton agreed with thofe obferved here j but they have 

" further obferved a curious circumftance at the firft entrance 

" of Venus, which the low altitude of the Sun did not permit 

" me to obferve here ; as, on the other hand, fome phasno- 

*' mena were noted here, which they have not taken notice of. 

" In a few days I will do myfelf the pleafure to leave fome 
*' of my pamphlets with you, which 1 beg you would fend to 
" the Pennfylvania Obfervers, when you have an opportu- 
" nity. 

I am, 

S I R, 

Your very humble Servant, 

NEVIL MASKELYNE." 

iTo the hon. Thomas Penn, Efg; 

The above letter was occafioned by a fhort account I had 
fent to Mr. Penn four days after the Tranfit, informing him 
of the fuccefs of our obfervations, the times of the contafts, 
and a few other clrcumftances attending them ; which he com 
municated to Mr. Mafkelyne. Since that, Mr. Ma/kelyne 
has received full fatisfaction on all the points mentioned in his 
letter, as complcat copies of our different obfervations have 
been tranfmitted to Dr. Franklin, to communicate to ,him, 
and fuch other aflronomers as he may think proper among his 
correfpondents in Europe. The particular circumftanees which 
I mentioned relative to the firfl. entrance of Venus, was the 
duflcy tremulous fhadow or atmofphere that feemed to precede 
her body, and the light that furrounded that part of her limo 
not entered on the Sun, which was alfo obferved by the gen- 
tlemen at Philadelphia, and by Mr. Biddle at the Capes. 
Which of thefe, or whether both, may be the curious circum- 
ftance, or circumftanees, obferved here, which Mr. Mafkelyne 
fays the low altitude of the bun did not permit him to obferve, 
we cannot tell-, as his account of the Greenwich Obfervations 
has not vet come to hand. W. S, 



